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Read May 24, 31.TT A V I N G lately had occafion, in 
1770- JT I fome chemical enquiries, to make 
various folutions of falts, I met with fome phaeno- 
mena, which did not appear to me either to have 
been fufficiently attended to, or confiftently explained 
by writers upon that fubjedt. The fulpenlion of 
falts in water, of metals in acids, of fulphur in oils, 
and of other bodies in menftruums fpecifically lighter 
than the bodies themfelves, hath ever been con- 
fidered in chemiftry, as a problem of difficult fo- 
lution. Thofe philofophers who acquiefce, upon the 
whole, in the caufe which hath been affigned for this 
phaenomenon by Sir Ifaac Newton, in his optical 
Queftions, have taken great pains to illuftrate the 
manner bow it is efFefted, by fuppofing that the 
bodies are received into the pore^s of their refpedtive 
menftruums, and there kept fufpended by the at- 
tradion or, as Bernouilli and Freind would have if,^, 
by the refiftance arifing from the tenacity of the 
fluid. Hence it happens, fay thefe philofophers, that 
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after water is faturated with one fait, it is ftill capable 
of diflblving fomewhat of a fecond kind, and being 
faturated with that, of a third, and fo on; juft as a 
veffel filled as full as potlible with fpheres or cylinders 
of one magnitude hath a capability of receiving 
limilar bodies of an inferior fize, or bodies of a 
different figure* The opinion of Gafl^endus feems to 
have been generally adopted ; he endeavours to prove, 
from the experiment which hath been mentioned, 
not only the porofity of water, but a diverfity in the 
Jfigures of the pores : Affero & aliud experimentiim 
Jingularey quo vijus fum mihi deprehendere intei^fpcrfa 
hujufmodi Jpaitola inania intra aquam dart. — Aiebam^ 
cum Jint falls corpufcula cubica^ pGterimt ea quidem 
replete Jpatiola, qua & ipja cubica fuerint 3 at cum 
non modo commune fal^ Jed alumen etiam^ quod eji 
oBahedrkumy halinitrum itemy 6? fal ammoniacum fac^ 
charumque & aha quce aliarum Junt figurarum eddem 
aqua exfolvi pojjunt y erunt ergo etiam in aqua fpatiola 
oSlahedrica at que id genus alia-, adeo ut aqua^ tametji 
fale faturata fuerit^ nihilominus & alumen et cetera 
omnia exfohere pojjit ac in feje transf under e. Gaf Phyf. 
1. 1. fe£t. I. cap. iii. The reafon^why warm water 
diflblves in general more fait than cold water, feems 
as if it might be derived from the fame principle, 
was it true j the interftices between the elementary 
particles of water are enlarged by the expanfion of 
the fluid, and might therefore be fuppofed capable 
of admitting into them a larger quantity of fait. 
This doftrine hath been embraced by moft philofo- 
phers, cfpecially by the late Abbe Nollet, in the 4th 
volume of his Lemons de Phy fique j and I do not 
know that it hath been oppofed by any body. The 
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late Mr. Eller, of Berlin, hath carried this fpeculation 
fo far, as to publHb a Table in the Berlin Memoirs for 
1750, exhibiting the feveral quantities of above 
twenty different kinds of fait, which a given quan- 
tity qf water will abfcrb into its pores, without being 
in the leaft augmented in bulk. It is not therefore 
without fome uneafinefs that I find myfelf con* 
ftrained to diflent from the general opinion, and par- 
ticularly to differ from Mr. Eller, who hath treated 
this fubjecS: ex profeffoy who made his experiments, 
as he hirnfelf affures us, with the greateft exadtnefs ^ 
and who was led by them to the difcovery of what 
he is pleafed to call, une verite incontejlable^ /avoir ^ 
que les plus petite s parties conjiituantes de Veau font 
doUees de pores ou d'interfiices dans lejqiiels les atomes de 
fel peuvent nichery fans augmenter leiir volume. I do 
not at prefent fee any very probable method of recon- 
ciling the different refults of our enquiries; I will 
therefore content myfelf with giving a plain relation 
of the experiments which I have made upon this 
fubjedt. 

Experiment I. 

I took a large mattrafs, containing, when filled to 
the middle of its neck, 132 ounces of water, Troy 
weight ; the diameter of the cavity of the neck was 
fix lines v having with a diamond marked the place 
where the water flood in the neck of the mattrafs, 
I dropped into it a fingle piece of purified nitre, the 
weight of which was a 2600th part of the weight of 
the water, and immediately obferved that the water 
was confiderably elevated in the tube: during the 
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folution of the falt^ the water funk near one third of 
its whole elevation 5 but when the folution was 
entirely finifhed, it remained very fenfibly raifed above 
the mark: fo that, even from the experiment with 
this inftrument, we may be aflured that water can- 
not abforb ^^l^^th part of its weight of nitre, with- 
out being augmented in bulk. Mr, Eiier, from his 
experiments, concludes, that eight ounces of water 
will abforb one drachm and a half, or above a ^zd 
part of its weight of nitre 5 and hence I fuppofed 
the quantity of water which I ufed would have 
abforbed above fixteen times as much, or above 3 
ounces 5 whereas the event (hewed that it could not 
abforb ^^ of an ounce. From the finking of the 
water during the folution, I was at firft inclined to 
believe that fome part at leaft of the nitre was taken 
into the pores of the water : in order to fee whether 
this conjed:ure could be verified by faft, I made the 
following experiment. 

Experiment II. 

I chofe two mattrafifes of unequal fizes, contain- 
ing quantities of water in the proportion of 12 to i, 
the diameters of the necks being equal : into the 
largeft I put -5^4^ th part of the water's weight of 
nitre, and an equal quantity into the fmaller i and I 
obferved that the water, as well before as after the 
folution, was equally elevated in them both : this 
experiment was repeated. Now, if a given quantity 
of water can abforb into its pores, without being in- 
creafed in magnitude, any quantity of fait however 
fn>all, it fecmsre^fonableto fuppofe that a quantity 
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contaimng twelve times as many pores fliould abforb 
twelve times as much, (fince it is an aUowed fad: that 
the minuteft portion of a fait is uniformly difFufed 
through the largeft quantity of water) and it might 
confequently be expeded, that the water fhould rife 
higher in the neck of the fmaller matrafs than in 
that of the larger, which is contrary to the experi- 
ment. 

Experiment IIL 

Apprehending that common pump water, with 
which I had made the preceding experiments, might 
have its interftices preoccupied by felenites and other 
heterogeneous matters, and be thereby rendered in- 
capable of admitting into them any additional fub- 
fiance ; and obferving that Mr. Eller had ufed in all 
his experiments 8 ounces of diftilJed water, I had 
hopes to have reconciled my experiments to his by 
that means : but upon trial, with diftilled water, f 
found the elevation precifely the iame as before. 
Nor do the conclufions depend upon the kind of 
fait; they hold true mutatis mutandis of any other 
Mt as well as nitre. During the folution the water 
is refrigerated and thereby contradted in magnitude, 
and the fmaller the quantity the greater will be the 
cold and confequent contraction produced by the ad- 
dition of fmall portions of fait; but I cannot fup- 
pofe that this circumftance could be overlooked by 
Mr. Eller, though it induced me to ufe a much 
larger quantity, or that he attributed the finking of 
the water during the folution, to an imbibition of the 
particles of the feveral falts into the pores of the 
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water, and thence by calculation conftmded his 
tabic. 

Experiment IV. 

Having always remarked that the water in the 
neck of the matrafs was elevated higher upon the 
firft immerfion of the fait, than after it was wholly 
diffolvcd, I endeavoured to afcertain the difference 
in feveral kinds of fait. To do this with the greater 
exaftnefs, I pitched upon a matrafs which had a neck 
as far as I wanted it accurately cylindrical, as I found 
by obferving the elevations occafioned by the addi- 
tions of equal portions of waters the matrafs held 
about 67 ounces of water. The falts I ufed were 
all dry, and in as large pieces as the neck of the ma- 
trafs would admits the water was heated to the forty 
fecond degree of Fahrenheit's thermometer, and kept 
m nearly as could be in that temperature. I changed 
the water for each experiment, and ufed in each 24 
penny weights of fait 5 the heights to which the 
water rofe, as meafurcd from a mark in the middle 
of the tube, before and after the folution of each 
fait are exprefled in the following table : the jfirft co- 
lumn denotes the height to which the water was 
elevated by 24 penny weights of fait before its folu- 
tion, the fecond after itsj folution, the third the dif- 
ference in fractional parts of the elevation before fo- 
lution 

Elevation by 24 penny weights 

of fimple water o 58 

24 penny weights of genuine 

Glaubers fait 42 36 -i 

I Vol 
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Vol. fait of fal, airiiiton* 4.6 33 ^ 

Sal ammon. 40 39 

Refined white fugar 3.9 3^ 

Coarfe brown fugar 39 36 

White fugar candy 37 36 

Glaubers fait from Lymington 35 29 

Terra foliata tar ♦ 37 30 ^l 

Rochelle fait 33 28 ^! 

Alum not quite dillblved 33 28 

Borax not half diflblved in t days 33 31 

Green vitriol 32 26 

White vitriol 30 24 

Nitre 30 21 

Sal gem* from Northwich 27 17 

Blue vitriol 26 20 

Pearl afh 25 10 

Vitriolated tartar 22 11 * 4 

Green vitriol calcined to whitenefs 22 11 | 

Dry fait of tartar 21 13 ^ 

Bafket fea fait 19 15 ^1^ 

Corrofive fublimate 14 10 ^ 

Turbith mineral 9 o 

Had I not been in fome meafure perfuaded, from the 
refult of the preceding experiments, that no portion 
of any fait could be abforbed into the pores of Wa-* 
ter, I fhould have readily concluded that the third 
column of this table denoted fuch parts of 24 penny 
weights of the feveral falts as might be lodged in the 
interftices of 67 ounces of water without increafing 
its magnitude: the quantities indeed which might 
have been thus afcertained would have but ill agreed 
with thofe which are determined by Mr. Eller f and 
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that diverfity of quantity may fuggeft a doubt con- 
cerning the validity of his principle. The finking 
of the water in the neck of the matrafs feems to be 
a general phaenomenon attending the folution of all 
falts 5 the quantity of the defcent is various from '^l^, 
to 4- of the whole elevation in thofe falts which I 
have tried. In forming the table, I repeated many 
of the experiments, but found no variation which 
could afFea the general concluflon ; with particular 
attention I repeated the folution of vitriolated tartar^ 
for I thought it a very remarkable citcumftance that 
one of the hardeft falts fliould be more diminifhed 

r 

in proportion to its whole bulk than any other, but 
the numbers in the table 22 arid 11 accurately ex- 
prefl^d the height before and after folution upon the 
repetition of the experiment, fo that it may be relied 
upon as a certain fad: that a cubic inch of vitriolated 
tartar is by folution in water reduced to half a cubic 
inch, though the water cannot, as appeared from an, 
experiment I made, abforb ^J^-^^-^th part, nor, as I 
believe, any part, of that fait wkhout being augment- 
ed in magnitude. It is evident from the table that 
fal gemmae, blue vitriol, corrofive fublimate, calcined 
vitriol,^and in general thofe falts which retain the leaffe 
water in their compofition and conftitute the hardeft 
mafles, fink more in proportion to their refpedtive 
bulks than any other- I own myfelf at a lofs for a 
general principle to explain this general phaenomenon,. 
unlefs the air contained in the feveral falts may be 
efteemed fufficient for the purpofe ; a very copious 
feparation of air from the falts during the whole 
time of their folution may be readily obferved in all 
of diem, and a fmall portion of it, combined with. 

the; 
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the particles of a fait, may augment its bulk, with- 
out fenfibly increafing its weight. Yet the two 
following experiments rather tend to diminiili the 
probability of this opinion. 

Experiment V. 

I took water which had been well purged from its 
air by long boiling, and which had been corked up 
whilft it was warm J when it had acquired a proper 
temperature, I filled a matrafs with it, as before, 
and putting into it fal gemmae, &c. I obferved that the 
elevatbn before folution was the fame as when com- 
mon water was ufed, and that it funk equally in the 
neck during the folution j but then the feparation of 
air feemed greatly lefs in all the trials I made. This 
pbaenomenon is eafily explained : common water is 
always faturated with air j upon the addition of any 
fait, the particles of water begin to attracfl and 
diflblve the fait, and let go the air with which they 
are united ^ this air, added to the air contained in the 
fait, renders the whole much more vifible in common 
than in boiled water. MufTchenbrook and others 
are of opinion, that air only fills the interftices of 
water, without augmenting its bulk 5 they ground 
their opinion upon obferving that the fpecific gravi- 
ties of common water and of water purged frx)m its 
air are equals the fad, taking it for granted, will 
fcarcely authorize the conclufion :: for, fuppofing that 
a cubic inch of common water contains even a cubic 
inch of air, the difference of the weight of the water 
when faturated with air, and when freed as much as 
poffible from it (though probably it can never be 

wholly 
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wlioUy freed from it), will not cqaa! | of si gmm 
liow iaii|)er«ptibicr^0^ i^ ib^ (^ferettde be^ if 
water, infteadof an equal bulk,, doth not corttaiii 
-rltr^h part of its bulk of mr^ whichi is a> ibff<^<S* 
much nearer to the truth t the air is feparated from 
the water during the folptioti of tie fait, and the 
particles of the fait probably occupy its place a? 
JUppens in other choiikal p^ we 

tmm^ &enee ihfisarttiat they ai^ w^^^h^otlM 
muit&kfs of thewzmty unlbls * w^ had aiom cc^ 
clufive afguiiieflts> to prove that tie air icfelf wa# 
l^iprf in than. 1 varied the pf ceding eiiperiaWfiif 
by puttir^ two eiqutal aaiti tranfpartnl pi0c^ of M 
gBmma& into two tall drinking glafles?, filkd one Witti 
cpoimon,. the other with boiled water i from the firH 
thete continually afcended a^ very yifible ftream df 
air, and. the falls ^d the bottom of the gMs wferte 
cpwrcd with bubbles^ it feeming as if the Water 
qiiiitted its air toidiibive the fadt y in tik 0tfcer, thm^ 
iomeair WK iten breakingf^t frditt tteeiak^ whilift it 
was diflblving, there did not jfis^in to be any ^cipf^ 
tated^as it were, from the WM^r* Iti moft of the 
experiments which I made, the boiled water diflblved 
a given quantity of fait fooner than the cortimon 
water, when they had the fame degree of heat 5 btit 
the dkFcrence-t in time might be owing to the 
difiei^cnt^ nie^itode of the furfaces of the fait; thdngh 
from- the gcnemiity of the event> I iiiould rather 
attributcrit tothe different diflplving powers of water, 
when replete with, and when depi'ived of air. 
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Experiment VI. 

Thinking that the difference in the bulks of the 
water before and after folution might be owing to the 
reparation and efcape of forae volatile principle i 
I took care to balance as accurately as I could, water 
and lal gemmse, water and fait of tartar, water and 
vitriolated tartar, &c. and then putting the feveral 
falts into the water, I obferved when the folution 
was accompliflied, whether the equilibrium of the 
fcales was affefted, but I could not diftinguifli any 
change. Dr, Hales and others have fpoken of the 
exiftcnce of air in falts, and have in two or three 
inftances inveftigated the quantity, but after a very 
different manner from that I have ufedi nor can I 
think myfelf at liberty to cfteem this air which is 
feparated by folution, of the fame nature with that 
which is called by him and others fixed air, inafmuch 
as fixed air makes a confiderable part of the weight 
of the bodies from which it is extraded, precipitatea 
lime water, and is feldom difcharged (or perhaps pro- 
duced from fome of the minute parts of the body 
being converted by the violence of the fire, &c. into 
an elaftic fluid), except when the body is decom- 
pofed I whereas this makes only a confiderable part 
of the bulk of bodies, and thus diminilhes their 
fpecific gravity without fenfibly increafing their ab- 
folute weight I does not, as I coUecfted Irom fome 
rough trials, render lime water turbid i and is fet at 
liberty, though not by a mechanical divifion, yet by 
an operation fomewhat different from chernical de- 
compofition. It hath been remarked by fome, that 

falinc 
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faline folutions will not cryftallize without much 
difficulty in an exhaufted receiver ; perhaps becaufc 
the particles of fait cannot attract that principle which 
Ihould cement them together, which at leaft may 
be {Qcn efcaping from them when they begin to be 
feparated. Mr. Boyle obferved, that aquafortis, 
poured upon a ftrong vegetable alcali, did not cry* 
ftallize till it had been long expofed to the air (though 
I fhould rather attribute this failure to the weaknefs 
of his aquafortis than to the want of air, fince I have 
frequently, by ufing the fuming fpirit of nitre, obtain- 
ed cryftals of an inch in length almoft inftantane- 
oufly); and fcveral other phaenomena might be ad- 
duced refpefting the cryftallization of falts, which 
feem to indicate the neceffity of admitting air as a 
very efficacious inllrument in producing that effed: : 
but future experience may tend to elucidate this 
matter. Having ufed great attention in making the 
experiments from which the preceding table was 
compofedj I thought I had a good opportunity of 
deriving from it the fpecific gravities of the falts 
which are there mentioned. I accordingly calculated 
the following table 5 in the firft column of which 
are exprcfled the fpecific gravities as calculated from 
the increafe of bulk before folution -, in the fecond, 
after the folution. 

Genuine Glauber's fait ^jS^o 1,61 i 

Cryftals of kelp 1^414 ^A^7 

Volat. fait of fal ammoniac i>450 i>787 

Sal ammoniac i>450 1,487 

Sugar refined, brown, barley 13487 1,611 

White fugar candy ^^S^J i>6ii 

Terra 
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Terra foliata tartari '^fS^J i>933 

Glauber's fait from Lymingtoii I1657 2,000 

Rochellefalt ^^757 2,071 

Alum *»7I7 2,071: 

Borax i>757 

Green vitriol j^Biz 2,230 

White vitriol 1,933 2,416 

Nitre ^>933 2,766 
Very tranfparent fal gem, from 

I^ortwich 2,143 35411 

Blue vitriol purified 2,230 2,900 

Pearl afh 2,320 5,800 

Vitriolated tartar 2,636 5,272 

Green vitriol calcined to whitenefs 2,636 5,272 

Dry fait of tartar 2,76 1 4,46 1 

Bafket fea fait 3*052 3,866 

Corrofive fublimate 4,142 5,800 
Mercury diftilled with acid of 
vitriol, and freed from its 

acid by a ftrong fire 6,444 

The numbers in the firft column correfpond 
very well, upon the whole, with the fpecific gravities 
which have been determined by others hydroftati- 
callyj thus the fpecific gravities of nitre, alum, 
white and green vitriol, fal ammoniac, fal gemmae, 
&c. are greater than what are aflGigned to thefe 
bodies by fome authors, and lefs than what have 
been determined by others 5 it feems as if the fpecific 
gravities of faline bodies might, in a proper veflel, be 
more accurately afcertained from the obferved increafe 
of the water's bulk than any other way. Upon the 
fuppofition that the efcape of the air is the reafon of 

Vol, LX. X x the 
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the water^s finking during the folution, and that this 
air contributes little to the weight of the falts, though 
it may be abfolutely neceffary to the exhibiting the 
faline molecute under a viiible cryftalline appearance^ 
the fecond column will denote the real fpecific gra- 
vities of the falts as freed from air. That this air is 
combined with the falts, and doth not (imply adhere 
to their furfaces, may appear from hence, that the 
fpecific gravities, as calculated from the increafe of 
buikobferved in the water before folution, fufEciently 
correfpond with thofe which philofophers have deter- 
mined hydroftatically : nor indeed, upon exhaufting 
the air from the falts, by an air pump, could I obferve 
that it was feparated, in lefs c[uantity during fo- 
lution. 

BXPI^RIMENT VIL 

Since equal quantities of fait muft contain equal 
quantities of air, it might be expefted a priori^ if 
the efcape of the air was the occafion of the water's 
finking, that equal weights of fait would produce 
equal augmentations of bulk, and unequal weights 
augmentations proportionable to their weights ; but, 
to be aflured of this, 1 took a matrafs containing 
about 30 ounces of water, the tube being cylindrical 
for about 7 inches in length. When the matrafs 
was filled to a proper mark, I put into it 7 penny- 
weights of powdered fal gem.: the water after the 
folution had rifen through 17 tenths of an inch 5 by 
tjhe addition of 14 pennyweights more, the water 
was raifed through 51 divifions from the firft mark, 
or twice 17 from where it flood after the folution x£ 

7 penny- 
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7 pennyweights. In the fame niatrafs I tried a 
(imilar experiment with nitre; the water was raifed 
through lo diviiions, by 3 pennyweights of powdered 
nitre; and by 18 more, it flood after the iolutionat 
the 70th divifion from the firft mark, and confe- 
quently rofe through fix times the fpace, through 
which it had been raifed by 3 pennyweights. From 
thefe, and other experiments of the fame kind, I am 
difpofed to believe that equal portions of fait produce 
equal augmentations in the bulk of the water wherein 
they are diffolved ; at leaft-, this holds true when the 
fait diffolved bears but a fmall proportion to what 
would be requifite to faturate the water. But, in 
making this experiment, great care mufl; be taken to 
keep the falts of the fame drynefs; 1 had once tried 
it with three equal quantities of fea fait, and arrived 
at a quite different conclufion ; the increafes of bulk 
occafioned by the folution of the feveral falts being 
feparately taken, as i§^ 16, 17, but the fait being 
much drier than the air in the laboratory, had un- 
doubtedly attracted the humidity, and that portion 
had attraded the mofl which had been the longefl in 
it, and which was lail diffolved. Nor fliould the 
temperature of the water be neglefted ; a fenfible 
error may proceed from a minute change in that. 
This experiment confirms the fir 11, for, was any part 
of fait abforbed into the pores of the water, it cer- 
tainly ought to be expe<3:ed that the elevation oc- 
cafioned by the folution of 3 pennyweights of 
nitre fhould be lefs than ^.th of that occafioned by 
18 pennyweights, and yet I found it to be accurately 
^.th upon repeating the experiment with diftilled 
water. It confirms it too in another view, 3 penny- 

Xxz weights 
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weights or ^.^^th part of the weight of the water, 
raifed it through one inch ; hence ^^'^^th part would 
have raifed it through one tenth of an inch, which 
any eye may diftinguifh. 

Dr. Lewis, for whofe great abilities in chemiftry 
I have a very high refped, in his little treatife upon 
American potafhes, is of opinion, that the augmen- 
tation of the bulk of water doth not proceed uni- 
formly, according to the quantity of fait added ; and 
he forms his conclufion from observing, that the lofles 
of weight fuftained by the fame body in different 
folutions, were not uniform, but continually dimi- 
niflied ; the lofles correfponding to feven fucceffive 
equal quantities being as 24.1.24. 23^.. 22. 22. 21. 
20. Upon confidering this matter in a mathematical 
light, 1 an inclined to draw a quite different conclu- 
fion; but I will firft mention fome experiments 
which I had formerly made with a different view, 
and which agree very well with Dr. Lewis's. 

Experiment VIIL 

I had conceived that if, in a given quantity of 
water, feveral quantities of fait, increafing in any 
arithmetical or geometrical progreffion^ were diffolved j 
that the increments of fpecific gravity would increafe 
in the fame progreffion. In order to fee whether this 
conjefture could be eftabliflied by experiment, I dif- 
folved in a given quantity of water, different portions 
of fea fait, increafing in the progreffions expreffed in 
the annexed tables, where the firft column of each 
denotes the proportional quantities of fait in penny- 
weights, the fecond, the lofs of weight of a given 
5 body 
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body in quarter grains; the third the cxcefs of the 
fpecific gravity of each lolution, above the fpeciific 
gravity of water. 



Tab. L 
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269 
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15 


280 


17 


20 


28,5 


22 


25 


289 


26 


30 


,294 


31 


35 


300 


37 


40 


304 


41 


45 


309 


46 


50 


312 


49 


55 


316 


53 
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899 


16 


8 


915 


32 


la 


930 


47 


16 


945 


62 


20 


959 


76 


24 


971 


88 


28 


985 


102 


32 


996 


113 


36 


1009 


126 


40 


1020 


137 



The difference of the numbers in the third co- 
lumn of each table from arithmetical progreffions, k 
obvious at firft view, the difference of the tvi^o laft 
numbers of each being confiderably lefs than the 
difference between the twofirft: and the numbers 
6. II. 22, 4i> correfponding to the geometrical 
progrefTion 5, 10. 20, 40. inthefecond table as well 
as the numbers i6, 32. 62. 113 correfponding to the 
geometrical progreflion 4.. 8, 16. 32, in the third, 
differ confiderably from geometrical progreflions^ 
whofe common ratio is |. 

In making thefe experiments there are three obvi- 
ous fources of error : the heat may not remain con- 
ftant; the additional weights of faltmay not be ac- 
curately equal 1 and the weight of the given body 
may be more or lefs than what is expreffed by any 

quantity 
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quantity lefs than | of a grain; yet the differences of 
the preceding numbers, from arithmetical or geome- 
trical progrellions, are too great to be explained from 
any or all of thefe fources taken together. Wc 
may obferve that the loffes of weight, correfponding 
to equal portions of lak, are, upon the whole, di- 
raioifliied J but it will not follow from thence that 
the bulks are not equally augmented. For, fincethe 
fpecific gravity of every bod? is properly denoted 
by a fraction, whole ounieralor expreffes the abfolute 
weight, and denominator the magnitude of the 

body: let ---,— 3_, — ^ _lA. &c. be a feries of 

J ' ^^ m-l^y'' m+z m-^-s "^ 

fra^ions, whofe feveral numerators exprefs the 
weights of a given quantity of water, as increafed by 
the addition of equal portions of any fait denoted by 
X, and whofe denominators exprefs the bulks of the 
water after the folution of each portion of fait, the 
increments of bulk being denoted by y^ z, s ^ now 
let us fuppofe that the loffes of weight fuftained by 
the fame body, that is, the fpecific gravities, increafe 
uniformly, then will the above feries of fradlions 

mcreafe uniformly, let —nz^j — ^,— =:#4-*5 — ; — 

=1^4-2^1^-^^ =1 ^ -f 3 4 froKi thefe equations 

inveftigating the proportion between jj z, s, 
which reprefent the augmentations of bulk, it will 
appear that j:^::^+^^* 2^4-24 or in a greater 
ratio than that of i : 2 and that zis::2a'^6S: ^a 
4. 6 i or in a greater ratio than that of 2 : 3, ia 
which ratios they ought refped:ively to have been, 
had the denominators or the bulks of the fluid in- 
creafed 
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creafed uniformly, when the fpeclfic gravities or ab- 
folute weights increafed uniformly. We fee front 
this, what concluiion ihould have been formed, had 
the increments of fpecific gravity from equal portions 

tjjrt 41 fj I ■■ i ll /^ 

of fait been equal. Again, fuppofe that j,— t"i 

— ; — -, . " , &c. denote a feries of fractions, whofe 

numerators, expreffing the weights of a given quan- 
tity of water as inerealed by the addition of fait, and 
whofe denominators, expreffing the bulks, both in- 
creafe uniformly, then will the feveral differences be- 
tween the 2d and ift, between the 3d and ad^ 

and fo on, be as -—-====7-,==^^ _ .-. - — ; — ^ 

mXm + q' m'jrgX?n'^2f m + 2gXm+2^ 

^^ — ' — ,=., &c* which fradions being: inverfely 

as their denominators conftitute a decreafing feries ^ 
but the increments of Ipecific gravity from the 
addition of equal portions of fait, are proportionable 
to thefe fra(ftions, and therefore ought perpetually to 
decreafe, though we allowed the bulk of the com- 
pound to be precifely equal to the bulk of the water 
and fait taken together, that is, though we allowed' 
the bulk of the water to increafe uniformly accord- 
ing to the quantity of fait added : now as it is 
evident from Dr. Lewis's experiments, and from 
each of the preceding tables, that the increments of 
fpecific gravity do decreafe upon the whole, when 
the abfoiute weights increafe uniformly, we may 
venture to conclude that the bulks increafe uniformly 
alfo. I thought proper to explain the foregoing 
principle and to determine the ratio, becaufe the 

matter 



ttiatter Teems to have been miftaken by many ; how- 
ever, it may be eafily apprehended that the increments 
of fpecific gravity^ from the addition of equal quan- 
tities of fait to a given weight of water, ought per- 
l^etually to decreafe i becaufe tha difference between 
the fpecific gravities of the water and of the lalt 
perpetually decreafes, as the water approaches to 
perfeft faturation* In like manner, if to a given 
quantity of water we add any number of equal 
quantities of oil of vitriol, or any fluid mifcible with 
and heavier than water | the increments of fpecific 
gravity will perpetually decreafe, though they will 
never entirely vanifh, becaufe there is a perpetual 
approximation to the fpecific gravity of the acid, 
which yet the mixture can never acquire^ and, vice 
verja, if to water we add a lighter fluid, as fpirits of 
wine by equal portions, the fpecific gravity of the 
mixture will conftantly decreafe by unequal decre- 
ments *, but the decrements will never vanifli, becaufe 
the mixture muft ever remain fpecifically heavier thaa 
fpirit of wine. 

Experiment IX. 

The quantities of various falts, which may be 
diflblved in a given quantity of water, have been 
afcertained by Boerhaave, EUer, Spielman, and 
others ; their accounts differ fomewhat from one 
another, as might be expected from the different 
temperatures of the air, the different flate of their 
falts 5 the different times (a circumftance of no fmall 
confideration in this matter) which they allowed the 

water to ad upon the falts before they concluded it 

to 
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to be fully faturated, and from fome other clrcum- 
ftances which might perhaps with advantage be taken 
into the account, and a more accurate table compofed 
than hath hitherto been publiflied ; but as the differ- 
ences would be fmall, and might not tend to any new 
difcoveries, I could not perfuade myfelf to be at the 
trouble of making the requifite experiments. I 
thought it would be a more ufeful undertaking to 
determine the fpecific gravities of Saturated folutions 
of various falts. In compofing the following table, 
I ufed every poflible precaution ; the folutions were 
fully faturated, by permitting the water to reft upon 
the falts for fome weeks, and frequently fliaking the 
folutions during the interval : I had fome reafons 
for chufing this method rather than the much fliorter 
one of diflolving the falts in hot water, and letting 
the folutions cool, though the event will be much 
the fame in both ways; my balance was extremely 
fenfible, though I did not ufe any weight lefs than a 
quarter of a grain ; the water in which the falts were 
diffolved was not | of a grain in 890 heavier than 
diftilled water ; the folutions were all of the fame 
temperature, Fahrenheit's thermometer ftanding be- 
tween 41 and 42"* during the whole time of taking 
the fpecific gravities. 

A Table exhibiting the fpecific gravities of water 
faturated with various falts. % Thermometer 
41 — ^42% barometer 30 inches. 

Water in which the Cryftals of tar i ,00 1 

falts were diC 1,000 Arfenic iiOO§ 

Saturated with Borax 1,010 

quicklime 1,001 Corrof. fublim. 1*037 

Vol. LX« Y y Alum 
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Alum ^3^33 Nitre purified 1^095 

Genuine Glau. fait 1,052 Rochelle fait 1,1 14 

Vitriolated tart. 1*054 Blue vitriol i>i5o 

Common fait 1,198 Green vitriol ^9^57 

Arfen. nitre 1,184 Sal gemmae 1,170 

Glau. fait Lyming. 1,232 Epfom fait Lym* 1,218 

Sal ammon. 1,072 White vitriol 1,386 

Vol. fait offal, am. 1,077 ^^^^^ ^^ ^?534 
Cryftals of kelp i ,087 

By making other tables fimilar to the preceding, 
when the thermometer ftands at 62% 82°, 102^ &c. 
or when the heat increafes or decreafes in any known 
ratio ; it is extremely probable that the law, accord- 
ing to which the diflblving power of water varies 
with the variation of its heat, might be inveftigated. 
I have fome reafons for thinking that though it in- 
creafes with the increafe of heat, yet it doth not 
increafe in the diredl limple ratio of the heat ; but 
what the law is, or whether all falts follow the fame 
law, I cannot, from any experiments I have already 
made, determine ; and I have noleifure at prefent to 
profecute the enquiry. The conclufion will be un- 
avoidably liable to a fmall inaccuracy ; for whether 
the fpecific gravities be invcftigated by weighing the 
feveral fluids in a given vcffel filled to a given mark, 
or by weighing a given folid in each of them, we 
(hall not thence obtain the weights of equal bulks, 
fincc the containing vefTel or the folid, from the 
difference of the heats, have a different capacity or a 
different bulk. However, it is not apprehended that 
this circumft:ance would fenfibly aftcfl: the conclu- 
fion, efpecially as it is fubjed to calculation and 

might 
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might be allowed for. It ought, at the fame time, 
to be obferved, that a given bulk of the water with 
which the fpecific gravities are compofed, will have 
different weights when the heats are different i and 
thefe differences ought firft to be afcertained. 

Experiment X. 

Having thus determined the fpecific gravities of 
faturated folutions of feveral falts, in a given degree 
of heats my next enquiry was to find the fpecific 
gravities of water impregnated with a given quantity 
of the feveral falts : I accordingly diffolved in i6§ 
pennyweights of water, 14 pennyweights, or ^ of 
the weight of the water of the eight following falts. 
The thermometer was at 40^ and barometer at 29I. 

A Table of the fpecific gravities of water impreg- 
nated with ->!y of its weight of 

Water 1,000 

Sea fait 1*^59 

Blue vitriol 1*052 

Nitre 1*050 

White vitriol 1^045 

Green vitriol 1^043 

Glau. falts Lym. 1,039 

Glau. falts Genu. 1,029 

Salammon. 1,026 

I could not have made this table much more ex- 
tenfive, fince in the 40th degree of the thermom. 

Y y 2 water 
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water will not diffolve ^^ of its weight of alum, bo- 
rax, vitriolated tartar, corrofive fublimate and a 
great many other falts j however, as fuch a table can- 
not fail or being ufeful in chemical, and perhaps 
medical refearches, it would be worth While to make 
it more general, either by diffolving a lefs portion.of 
fait, or making ufe of a greater degree of heat.. 



Experiment XI. 

To thefe tables I have fubjoined another of a» 
different nature, wherein the fpecific gravities of 
water impregnated with different quantities of the 
fame fait from ^ down to the 1024th part of the 
weight of the water, are determined. I cannot, 
accufe myfelf of careleffnefs in making any of the 
experiments from which the table is formed j but 
part of it being made in a room where the heat was 
about ^^""t and the other in my laboratory, when it 
did not exceed 46"*, a certain inaccuracy, though it 
will be a, very fmall one and fcarce fenfible in the 
weight of the fmall body which I ufed, will attend 
it upon that account. The fait was fea fait of the 
iinefl kind, and extremely dry j many of the experi- 
ments were repeated. 

A Table of the fpecific gravity of water impreg- 
nated with different quantities of fea fait.. 
Thermometer between 46 and $^''. 

Water 1,000 

Salt 4 1,206 

i 
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1,121 

1,096 
1,087 
1,074 

1,050 
1,048 

1,045 
1,040 

1,032 

1,029 

1,027 

1,025 

1,024 

1,023 



TT 

I 

I 

-TT 

1 
TT 

I 
TT 

X 
X 

TT 

X 

TT 
« 1,020 

X 

TT 

X 
X 

TT 

X 

TT 

X 

TT 



1,019 
1,0X5 
1,014 
^013 

i,oia 

1,009 

1,007 

1,006 

1,005 

1,004 

I1O03 

1,0029 

1,002 

* I«00I 



TT 

X 

TTT 
TTT 

X 

TTT 

X 

TTT 

X 

"iTT 

X 

TTT 



f 
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:rTT 1,0017 

1,0014 
1,0008 
1,0006 






From this table it will be eafy to determine how 
much the fpecific gravity of water is increafed by 
the folution of a given quantity of fait, and, vice 
verfa, if we know the fpecific gravity of any folution 
of fait, we may form a good conjefture of the 
quantity of fait contained in it, which obfervation 
may be of ready ufe in eftimating the ftrength of 
brine fprings, and of fca water, taken up in djiferent 
climates, or upon different coafls in the fame climate. 
Thus, if a fait fpring, or fea water, fliould weigh _!-. 
more, bulk for bulk, than common water; we may 
conclude that it contains ^^ of its weight of fait; if 

V^, it hath nearly ^^5 if -^V. tV^ ^f ^V> -rV 5 
and fo on : we may always find limits near 
enough to form a conclufion from, though the exad: 
number denoting the weight in any particular cafe 
ihould not be met with in the table. 

After I had drawn up the preceding account of the 
experiments which I had made, I received the Berlin 
Memoirs for 1762, publifhed laft year, in which 
there is a memoire entitled — Experiences fur le poids 
du fel et la gravite Jpecifique des faumures faites et 
analyfieSy par M. Lambert. In this memoire, the 
very ingenious author hath made much ufe of the 
principle, which I have endeavoured to call in queftion 
in the beginning of this paper; and hath calculated 
the different quantities of fea fait, which are abforbed 

into 
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into the pores of water, when a given quantity is 
diflblved in different quantities of water. The ad- 
miffion of this principle hath drawn him into fome 
conclufions which feem not quite confonant to true 
philofophyj as when he aflerts that the quantity 
which is abforbed into the pores, is not proportional 
to the number of the pores or the quantity of water: 
for, if a given quantity of water, fuppofe A^ will 
abfoi'b a given quantity of any fait, fuppofe a^ I can 
fee no poffible reafon why mA (hould not abforb 
ma: for imagining m A \o h^ divided into portions 
refpeftively equal to A^ and equal quantities of fait 
to be diffolved in each of them ; then, from the fup- 
pofition, each of them will abforb a 5 and when they 
are all mixed together, as no precipitation will 
enfue, the fum, or mAi muft have abforbed ma. 
But I have no inclination to animadvert upon what 
feems to be a fmall miftake of an author, whofe 
various writings do much honour to philofophy in 
general, nor to involve myfelf in a difpute with any 
one. The following experiment may perhaps be 
thought conclufive againft the dodtrinc of falts being 
abforbed into the pores of water: I took a large 
glafs receiver, containing near fix gallons ; into its 
neck, by means of a hole bored through a cork, I 
cemented a fmall glafs tube ; and having filled the 
whole up 40 the middle of the tube with water, I 
dropped in a piece of fea fait, weighing lels than one 
forty thoufandth part the weight of the water : the 
water inftantly rofe in the tube, continued finking 
during the folution, but at laft remained as much 
elevated as it would have been had there been no 
X more 
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more water than what would have been fufficient 
to diffolve it. In making this experiment, the je- 
ceiver fhouid not be touched by the hand, for its 
parts fuddenly eicpanding themfelves occafion an 
inftantaneous finking of the water in the tube, as 
I have frequently experienced, and might thus in- 
duce a fufpicion of the water's not being elevated by 
the addition of fait. I would not be underftood from 
thefe experiments to deny the porofity of water, 
fince philofophers have thought that the paf- 
fage of hght through it, and other phaenomena 
indicate the exiftence of vacuities in it; but I cannot 
believe, however folution be carried on, that the 
fmalieft quantity of fait can be diffolved in the 
largeft quantity of water, without increafing its 
magnitude. The caufe of the water's finking during 
folution doth not appear to be fo certain; the 
efcape of air, to which all the appearances induced 
me to refer it, and to which it may perhaps ftill be 
owing, feems to be liable to fome objeftions, not only 
from the experiments I have before mentioned, but 
from the following. 



Experiment XII. 

I took two matrafifes of equal dirnqpfions, one 
filled with common water, the other with boiled 
water. I poured into them equal quantities of oil 
of vitriol ; in the firft there feemed to be an univer- 
fal precipitation of air, as it were, from every 
particle of the fluid, which, by little and little, form- 
ed itfelf into larger bubbles, and afcending through 

the 
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the neck, efcapeds in the other, hardly any air 
could be obferved, the water funk during the fo- 
lution of the acid very apparently, yet ^^'^^th part 
of the water's weight of acid caufed a fenfible 
elevation : fo that, whatever may be thought of the 
caufe of the water's finking during the folution of a 
fait, the principle of its being to a certain degree 
i-mbibed into the pores of water feems in no cafe to 
be true, whether the fait be in a concrete or fluid 
form. This fubjeil may receive fome illuftration 
from what is obferved in the freezing of water ; 
ice from common water is always fpecifically lighter 
than water, from its retaining in its concrete form 
feveral air- bubbles, which enlarge its bulk without 
adding to its weight ; this ice, when put into a 
matrafs, after the manner in which all the preced- 
ing experiments with falts were made, would elevate 
the water moft upon the firft immerfion : the water 
would fink as the ice melted 5 equal pordons of ice 
would produce equal elevations both before and after 
folution ; the air would be feparated in a form more 
or lefs vifible, according to the circumflances in 
which the experiment* fliould be tried ; and not the 
fmalleft portion of ice could be diflblved without 
increafingthe bulk of the whole. Salts do not feem 
to differ much from ice in the manner of their form- 
ation, and as fimilar phaenomena attend their folution 
in water, why may we not explain them from the 
fame caufe ? But if any one fliould think diiterently, 
notwithftanding the experiments which have been 
produced, I profefs myfelf extremely ready to liften 
to any reafoning founded upon experiment which 
VoL» LX. Z z may 



[ 354- ] 

may tend to prove my opinion to be erroneous; 
having no partiality for any thing but truth, nor 
being afliamed of ignorance or miftake in any 
matter, refpefting the comprehenfion or explication 
of even the minuteft operation of nature: ego quU 
dem hoc fum contentus^ quod licet quo quidque fiat 
ignorem^ quid fiat intelligo. 






